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SPECIFICATION 

1. TITLE OF THE INVENTION 
DC-DC Converter 

2. CLAIMS 

[1] A DC-DC converter, wherein said DC-DC converter possesses a main 
circuit in which a series circuit with a switching means (Q) , inductance 

(L) and capacitor (C) is connected to a direct current input power 
source and in which the voltage from both terminals of the capacitor (C) 
is outputted as direct current output voltage (V 0 ) , and said converter 
possesses a control circuit (R) to control the switching means (Q) to 
which the direct current output voltage (V 0 ) and the standard voltage 

(V s ) are impressed to set and hold the duty ratio (AT/T) for the 
switching means (Q) in response to the deviation voltage (AV) , wherein 
a fly wheel circuit (F) is interposed between the primary side of the 
inductance (L) and the secondary side of the capacitor (C) comprising a 
parallel circuit and series circuit including an inductance (SR) with 
rectangular magnetic characteristics connected to the primary side of 
the inductance (L) , a diode (D 2 ) connected to the inductance (SR) , and a 
second switching means (Q 2 ) , wherein a circuit (K) used to start the fly 
wheel circuit is disposed in the fly wheel circuit (F) in which the 
secondary capacitor (C 2 ) is charged in response to the switching means 
(Q) closing the circuit with the control electrode of the second 
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switching means (Q 2 ) connected to the secondary side of the capacitor 
(C) and in which voltage is generated briefly caused by the change in 
the current in the inductance (SR) in response to the second switching 
means (Q 2 ) opening the circuit or the switching means (Q) opening the 
circuit, with the second capacitor (C 2 ) storing the charge connected to 
the control electrode of the second switching means (Q 2 ) and the second 
switching means (Q 2 ) closing the circuit, and wherein the fly wheel 
circuit (F) releases the stored energy in the inductance (L) to the load 
in response to the switching means (Q) opening the circuit. 

[2] The DC-DC converter in Claim [1] , wherein the inductance (SR) with 
rectangular magnetic properties is a saturable reactor. 

[3] The DC-DC converter in Claim [1] or Claim [2], wherein the circuit 
(K) used to start the fly wheel circuit possesses a series circuit with 
a diode (D a ) and second capacitor <C 2 ) connected to the primary side of 
the inductance (L) and the secondary side of the capacitor (C) which is 
controlled by the voltage on the primary side of the inductance (L) and 
the inductance (SR) with rectangular magnetic characteristics connected 
between the primary side of the secondary capacitance (C 2 ) and the 
secondary side of the capacitor (C) , and wherein a third switching means 
(Q 3 ) is connected to the control electrode of the second switching means 
(Q 2 ) on the primary side thereof. 

3. DETAILED DESCRIPTION OF THE INVENTION 

(Industrial Field of Application) 
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[01] The present invention pertains to an improved DC-DC converter. 
More specifically, the present invention pertains to an improved fly 
wheel circuit. Even more specifically, the present invention pertains 
to an improved fly wheel circuit in a DC-DC converter that does not 
cause power loss and that does not cause time lag in the operation of 
the fly wheel . 

Prior Art 

[02] A simplified block diagram of an example of a prior art DC-DC 
converter is shown in FIG 4 . 

FIG 4 

[03] In this figure, Q denotes a switching means such as a p-channel 
enhancement field-effect transistor, L denotes the inductance, and C 
denotes the capacitor. The direct current input voltage v x is inputted 
to the switching means Q on the primary side and to the capacitor C on 
the secondary side. Voltage V 0 is outputted from both terminals of the 
capacitor C as the direct current output voltage V 0 . In the figure, R 
denotes the control circuit. The direct current output voltage V 0 and a 
standard voltage V s are inputted to the control circuit in order to 
determine the deviation voltage AV. The duty ratio AT/T is set so that 
the deviation voltage AV becomes zero. (See FIG 2.) The on-off 
operation of the switching means Q is controlled so that the duty ratio 
AT/T is attained. In the figure, D 3 denotes the fly wheel diode. The 
energy stored in the inductance L when the switching means Q closes the 
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circuit is released to the load when the switching means Q opens the 
circuit . 

[04] The DC-DC converter shown in FIG 5 was developed in order to 
respond to power loss caused by forward-direction voltage drops in the 
fly wheel diode FD 2 . 

FIG 5 

[05] The configuration differs from FIG 4 in that a switching means Q 4 
such as an n-channel enhancement field-effect transistor is used for the 
fly wheel instead of the fly wheel diode D 3 . Signals generated by the 
control circuit R are impressed to the fly wheel diode Q 4 , which 
performs the opening-closing operation that is the opposite of the 
operation performed by the switching means Q. When the switching means 
Q opens the circuit, the fly wheel diode Q 4 closes the circuit. When the 
switching means Q closes the circuit, the fly wheel diode Q 4 opens the 
circuit thereby operating the fly wheel. 

(Problem Solved by the Invention) 

[06] The improved DC-DC converter in FIG 5 eliminates the forward- 
direction diode voltage drop problem exhibited by the DC-DC converter in 
FIG 4. However, it is not easy to smoothly synchronize the process of 
opening the circuit at switching means Q while closing the circuit at 
switching means Q 4 . A circuit cannot be designed to make the transition 
simultaneously. A complicated circuit has to be used because of the 
difficulty of determining the operational time lag based on the stored 
load at switching means Q. Even so, the complicated circuit cannot 
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effect a completely smooth simultaneous transition between the two 
switching means. 

[07] The purpose of the present invention is to solve this problem by 
providing a DC-DC converter that uses a fly wheel circuit with a 
switching means such as a field-effect transistor instead of a fly wheel 
diode. In other words, the present invention provides a DC-DC converter 
that is able to smoothly and simultaneously operate the switching means 
for the main circuit and the switching means for the fly wheel circuit. 

(Means of Solving the Problem) 

[0 8] The present invention is a DC-DC converter, wherein the DC-DC 
converter possesses a main circuit in which a series circuit with a 
switching means (Q) , inductance (L) and capacitor (C) is connected to a 
direct current input power source and in which the voltage from both 
terminals of the capacitor (C) is outputted as direct current output 
voltage (V 0 ) , and the converter possesses a control circuit (R) to 
control the switching means (Q) to which the direct current output 
voltage (V 0 ) and the standard voltage (V s ) are impressed to set and hold 
the duty ratio (AT/T) for the switching means (Q) in response to the 
deviation voltage <AV) , wherein a fly wheel circuit (F) is interposed 
between the primary side of the inductance (L) and the secondary side of 
the capacitor (C) comprising a parallel circuit and series circuit 
including an inductance (SR) with rectangular magnetic characteristics 
connected to the primary side of the inductance (L) , a diode (D 2 ) 
connected to the inductance (SR) , and a second switching means (Q 2 ) , 
wherein a circuit (K) used to start the fly wheel circuit is disposed in 
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the fly wheel circuit (F) in which the secondary capacitor (c 2 ) is 
charged in response to the switching means (Q) closing the circuit with 
the control electrode of the second switching means (Q 2 ) connected to 
the secondary side of the capacitor (C) and in which voltage is 
generated briefly caused by the change in the current in the inductance 
(SR) in response to the second switching means (Q 2 ) opening the circuit 
or the switching means (Q) opening the circuit, with the second 
capacitor (C 2 ) storing the charge connected to the control electrode of 
the second switching means (Q 2 ) and the second switching means (Q 2 ) 
closing the circuit, and wherein the fly wheel circuit (F) releases the 
stored energy in the inductance (L) to the load in response to the 
switching means (Q) opening the circuit. The circuit (K) used to start 
the fly wheel circuit possesses a series circuit with a diode (DJ and 
second capacitor (C 2 ) connected to the primary side of the inductance 
(L) and the secondary side of the capacitor (C) which is controlled by 
the voltage on the primary side of the inductance (L) and the inductance 
(SR) with rectangular magnetic characteristics connected between the 
primary side of the secondary capacitance (C 2 ) and the secondary side of 
the capacitor (C) , and wherein a third switching means (Q 3 ) is connected 
to the control electrode of the second switching means (Q 2 ) on the 
primary side thereof. 



(Operation) 

[09] The DC-DC converter of the present invention possesses a fly wheel 
circuit F with a parallel circuit for the switching means Q 2 such a 
field-effect transistor and the diode D 2 as well as a series circuit for 
the saturable reactor SR such as an inductance with rectangular magnetic 
characteristics. A series circuit with a second capacitor (C 2 ) and a 
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diode (D x ) connected between the primary side of the inductance (L) and 
the secondary side of the capacitor (C) is interposed between the 
primary side of the second capacitor (C 2 ) and the secondary side of the 
capacitor (C) . It is controlled by the voltage from the primary side of 
the inductance (L) and the inductance (SR) with rectangular magnetic 
characteristics. The circuit K used to start the fly wheel circuit 
possesses a third switching means (Q 3 ) which is connected to the control 
electrode of the second switching means (Q 2 ) on the primary side. When 
the switching means Q of the main circuit closes the circuit, the second 
switching means Q 2 of the fly wheel circuit opens the circuit and the 
second capacitor C 2 is charged during this period. When the switching 
means Q of the main circuit opens the circuit, the voltage is briefly 
generated by the change in the current beginning to flow to the 
saturable reactor SR (e.g. an inductance with rectangular magnetic 
characteristics) . The charged second capacitor C 2 is connected to the 
second switching means Q 2 which closes the circuit and operates the fly 
wheel F. When the switching means Q for the main circuit is closed, the 
second switching means Q 2 opens the circuit and the operation of the fly 
wheel circuit F is terminated. 

(Preferred Embodiments of the Invention) 

[10] The following is an explanation of two preferred embodiments of the 
DC-DC converter in the present invention with reference to the drawings. 

1st Preferred Embodiment 

[11] FIG [1] is a simplified block diagram of the DC-DC converter in the 
first preferred embodiment of the present invention. 
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[12] In this figure, Q denotes a switching means such as a p-channel 
enhancement field-effect transistor, L denotes the inductance, and C 
denotes the capacitor. The direct current input voltage v, is impressed 
to the switching means Q on the primary side and the capacitor C on the 
secondary side. Voltage V 0 is outputted from both terminals of the 
capacitor C as the direct current output voltage V 0 . In the figure, R 
denotes the control circuit. The direct current output voltage V 0 and a 
standard voltage V s are inputted to the control circuit in order to 
determine the deviation voltage AV. The duty ratio AT/T is set so that 
the deviation voltage AV becomes zero. (See FIG 2.) The on-off 
control of the switching means Q is controlled so that the duty ratio 
AT/T is attained. The key components in the present invention include 
the fly wheel circuit F and the circuit K used to start the fly wheel 
circuit. The fly wheel circuit F consists of a parallel circuit and 
series circuit with a second switching means Q, and a diode D, connected 
to the inductance SR. The inductance SR, which is connected to the 
primary side of inductance L, has rectangular magnetic properties. The 
series circuit is connected to a secondary capacitor C 2 and a diode 
which is, in turn, connected to the inductance L on the primary side and 
the capacitor C on the secondary side. This series circuit is connected 
between the primary side of the capacitor C, and the secondary side of 
the capacitor C. The series circuit is controlled by the voltage on the 
primary side of the inductance L and by the inductance SR possessing 
rectangular magnetic properties. The circuit K used to start the fly 
wheel circuit possesses a third switching means Q 3 in which the primary 
side is connected to the control electrode on the second switching means 
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FIG 2 



[13] The following is an explanation of the operation of the DC-DC 
converter in the first preferred embodiment of the present invention 
shown in FIG 1 with reference to the timing chart shown in FIG 2. 

[14] When the switching means Q for the main circuit is closed, the 
direct current input voltage v, is impressed to the load at the 
capacitor C via inductance L. (In the preferred embodiment, the 
switching means is a p-channel enhancement field-effect transistor.) 
The capacitor C is charged and the direct current output voltage V 0 is 
applied to the load. The direct current output voltage V 0 is also 
impressed to the control circuit R, where it is compared to the standard 
voltage V s . The duty ratio AT/T is determined based on the deviation 
voltage AV. The switching means Q of the main circuit is controlled so 
that the circuit is closed at AT and [opened] at T-AT, and a direct 
current output voltage V 0 equal to the standard voltage V s is supplied 
to the load. 



[15] Because a positive voltage is impressed to the base of the npn 
transistor Q 3 to close the circuit while the switching means Q of the 
main circuit is closed, the second switching means Q 2 in the fly wheel 
circuit F is also closed and the fly wheel circuit F is cut off from the 
electric current. (In the preferred embodiment, the switching means is 
an n-channel enhancement field-effect transistor.) During this period, 
however, the second capacitor C 2 is charged. 
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[16] Next, when the control circuit R is operated during period AT and 
the switching means Q for the main circuit opens the circuit, the load 
stored in the capacitor C and the energy stored magnetically in the 
inductance L are released, and the direct current output is supplied. 

[17] Because the potential on the primary side of the inductance L 
(denoted by point A in the figure) drops at this time, current begins to 
flow through the diode D 2 and the inductance SR with rectangular 
magnetic properties. (In the preferred embodiment, this inductance is a 
saturable reactor.) However, because the inductance with rectangular 
magnetic properties SR briefly functions as a large inductance and 
generates voltage in the reverse direction, the potential at point A 
briefly becomes negative. As a result, the npn transistor Q 3 closes the 
circuit and the positive potential of the second capacitor C 2 , which was 
already storing a charge, is impressed to the gate of the second 
switching means Q 2 . The second switching means Q 2 turns on the fly 
wheel circuit F, and the energy stored in the inductance L is released 
by means of the fly wheel circuit F. It remains in this state until the 
npn transistor Q 3 closes the circuit. 

[18] The inductance SR with the rectangular magnetic characteristics is 
saturated by a small amount of current. It then functions as an 
inductance so that power loss does not occur in the fly wheel circuit F. 

[19] When the switching means Q is open, the fly wheel circuit F remains 
on by means of the diode D 2 even if the second switching means Q 2 is 
open. This increases the reliability of the device. 
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[20] The resistance R x , R 2 , R 3 adjusts the electric current, but the 
resistance is not critically important to the operation of the circuit. 
The diode D 4 is the only means of protection, but the diode does not 
have a significant effect on the operation of the circuit. 

[21] When the time T has elapsed, the switching means Q closes the 
circuit again and the device returns to its initial state. However, the 
second switching means Q 2 is still closed. Because the inductance value 
of the inductance SR with rectangular magnetic characteristics is large 
when the direction of the electric current is reversed, voltage is 
generated from both terminals of the inductance SR with rectangular 
magnetic characteristics and the potential at point A rises. At this 
time, positive voltage is impressed to the base of the npn transistor Q 3 
and the second switching means Q 2 is opened by the closing of the npn 
transistor Q 3 . When the npn transistor Q 3 is closed, a slight time lag 
occurs until the second switching means Q 2 is closed. However, this 
time lag is not a problem because the inductance SR with rectangular 
magnetic properties prevents all but a small amount of current from 
reaching the second switching means Q 2 . 

[22] As explained above, the switching means Q for the DC-DC converter 
shown in FIG 1 automatically opens and closes the fly wheel circuit F. 
As a result, the fly wheel begins operation as soon as the switching 
means Q closes the circuit without any forward-direction loss in the fly 
wheel circuit F. 

2nd Preferred Embodiment 
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FIG 3 



[23] This preferred embodiment differs from the preferred embodiment in 
FIG 1 in that a negative potential is maintained at the gate of the 
second switching means Q 2 in the fly wheel circuit F when the switching 
means Q has closed the circuit. The second switching means Q 2 then 
opens the circuit. When the switching means Q has opened the circuit, 
the potential in the second capacitor C 2 is impressed to the gate of the 
second switching means Q 2 in the fly wheel circuit F. The switching 
means Q 3 which closes the circuit is an n-channel enhancement field- 
effect transistor. This requires only a minor change. In every other 
respect, the preferred embodiment is identical. 

(Effect of the Invention) 

[24] As explained above, the DC-DC converter of the present invention 
possesses a main circuit in which a series circuit with a switching 
means, inductance and capacitor is connected to a direct current input 
power source and in which the voltage from both terminals of the 
capacitor is outputted as direct current output voltage, and the 
converter possesses a control circuit to control the switching means to 
which the direct current output voltage and the standard voltage are 
impressed to set and hold the duty ratio for the switching means in 
response to the deviation voltage, wherein a fly wheel circuit is 
interposed between the primary side of the inductance and the secondary 
side of the capacitor comprising a parallel circuit and series circuit 
including an inductance with rectangular magnetic characteristics 
connected to the primary side of the inductance, a diode connected to 
the inductance, and a second switching means, wherein a circuit used to 
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start the fly wheel circuit is disposed in the fly wheel circuit in 
which the secondary capacitor is charged in response to the switching 
means closing the circuit with the control electrode of the second 
switching means connected to the secondary side of the capacitor and in 
which voltage is generated briefly caused by the change in the current 
in the inductance in response to the second switching means opening the 
circuit or the switching means opening the circuit, with the second 
capacitor storing the charge connected to the control electrode of the 
second switching means and the second switching means closing the 
circuit, and wherein the fly wheel circuit releases the stored energy in 
the inductance to the load in response to the switching means opening 
the circuit. As a result, the present invention provides a DC-DC 
converter that is able to operate the switching means for the main 
circuit and the switching means for the fly wheel circuit smoothly and 
simultaneously without a loss of forward-direction voltage in the fly 
wheel diode. 



4. BRIEF EXPLANATION OF THE DRAWINGS 



FIG 1 is a simplified block diagram of the DC-DC converter in the first 
preferred embodiment of the present invention. 

FIG 2 is a timing chart used to explain the operation of the DC-DC 
converter in the first preferred embodiment of the present invention. 

FIG 3 is a simplified block diagram of the DC-DC converter in the second 
preferred embodiment of the present invention. 
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FIG 4 is a simplified block diagram of a prior art DC-DC converter. 

FIG 5 is a simplified block diagram of an improved prior art DC-DC 
converter. 

Q . . . switching means for the main circuit 
L . . . inductance of the main circuit 
C . . . capacitor of the main circuit 

V, . . . direct current input voltage for the main circuit 
V 0 . . . direct current output voltage for the main circuit 
R . . . set voltage control device for the main circuit 
V- ... standard voltage for the main circuit 
AV . . . deviation voltage for the main circuit 
T . . . chopper control time for the main circuit 
AT . . . [pass] time for the main circuit 
F . . . fly wheel circuit 

SR . . . inductance with rectangular magnetic properties for the fly wheel 

circuit (saturable reactor) 
Q 2 . . . second switching means for the fly wheel circuit 
D 2 . . . diode for the fly wheel circuit 
K . . . circuit used to start the fly wheel circuit 

C 2 . . . second capacitor for the circuit used to start the fly wheel 
circuit 

D x ... diode for the circuit used to start the fly wheel circuit 
Q 3 . . . third switching means for the circuit used to start the fly wheel 
circuit 

Ri, R 2 , R 3 . . . current -limiting resistance for the circuit used to start 
the fly wheel circuit 
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D 4 ... diode for protecting the circuit used to start the fly wheel 
circuit 

A . . . point on the primary side of the inductance L of the main current 
D 3 . . . fly wheel diode for the prior art DC-DC converter 
Q 4 ... n- channel enhancement field-effect transistor in the fly wheel 
circuit of the prior art DC-DC converter 

Agent Shinichi Samukawa, Patent Attorney 

FIG 1 

R . . . control circuit 
FIG 2 

Q x current 
Q 3 On/Off 
Q 2 On/Off 
C 2 voltage 
A-point potential 
SR current 

FIG 3 

R . . . control circuit 
FIG 4 
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R . . . control circuit 



FIG 5 



R . . . control circuit 
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